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I. LIST OF ABBREVATIONS

CDS: Color Doppler ultraSonography

FA ICG: Indocyanine Green Fluorescence Angiography
PPV: Positive Predictive Value

MRA: Magnetic Resonance Angiography

CTA: Computed Tomography Angiography

HHD: Hand-Helded Doppler

ICG: Indocyanine Green

DIEP: Deep Inferior Epigatric Perforator flap

ALT: AnteroLateral Thigh flap

ITT: Intrinsic Transit Time

FI: Fluorescence Intensity
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I1. Indocyanine green fluorescence angiography for

mapping of fibular skin perforators.
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ABSTRACT

-Objective: We first evaluated the effectiveness of indocyanine green fluorescence
angiography in preoperative mapping of perforators for fibular free flap. The second goal was
to compare fluorescent angiographic findings with colour Doppler ultrasonographic mapping.
- Background: Perforator flaps are very useful in reconstructive surgery, but the perforator
anatomy is greatly variable. Preoperative perforator mapping is recommended, and several
methods have been described. Laser-induced fluorescence of indocyanine green is a new
method for the assessment of superficial vascularization tissue.

- Methods: 14 patients, scheduled for fibular free flap reconstruction, were included. The
detection of skin perforators was performed by both colour Doppler ultrasonography (CDS)
and fluorescence angiography (FA ICG), and then compared to surgical dissection findings.
The sensitivity and positive predictive value (PPV) were calculated for each technique. The
mean distance between anatomic and angiographic or ultrasonographic perforators was
determined to evaluate the accuracy of FA ICG and compare the 2 mapping methods.

- Results: The sensitivity of both FA ICG and CDS was 75% for a precision of 3cm; the PPV
was 67% for FA ICG and 48% for CDS. The sensitivity of FA ICG was 55% and 34.4% for
CDS, for a precision of 1cm; the PPV of FA ICG was 50%, and that of CDS 22%. The mean
distance between anatomical and FA ICG findings was 0.86 +/- 0.97 cm and significantly
different from CDS, 1.45 +/- 0.88 cm (p<0.001).

- Conclusion: FA ICG is a useful technique for the detection of fibular skin perforators and is

more accurate than CDS.
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INTRODUCTION

The fibular free flap is widely used for mandibular reconstruction'. It is commonly used as a
composite osteocutaneous free flap as described by Chen and Yan® in 1983. The skin paddle
is vascularized by one or more septo- or musculo-cutaneous perforators, steming from the
fibular artery. Perforator flaps have become increasingly popular due to their high plasticity
and the low donor site sequellae, but the variability of perforator anatomy requires an accurate
preoperative mapping of perforators’. Several methods have been described to identify
perforators in fibular flaps, such as magnetic resonance angiography®™ (MRA), computed
tomographic angiography®’ (CTA), colour duplex ultrasonography®’ (CDS), or hand-held
Doppler’ (HDD). All these techniques have advantages and drawbacks, but none of them is
the "gold standard". FA ICG is a new method for assessing the superficial vascularization of
tissues. Indocyanine green (ICG) is a fluorescent dye and has been used for more than 40
years. It allows measuring cardiac output'® and liver function''. It has also been used in
neurosurgery' and in ophthalmology for choroid vessel imaging'’. More recently, FA ICG
has been used to assess intestinal viability in a laparoscopic mesenteric ischemia model'*. It

516 and intraoperative flap

has been used in plastic surgery to assess flap perfusion
monitoring'’.
The comparison of FA ICG with CDS for fibular flap mapping had never been made.
This clinical trial had two goals:

- assessing the effectiveness of FA ICG in preoperative perforator mapping for fibular free
flap.

- comparing FA ICG and CDS for perforator detection with anatomical data obtained during

surgical dissection.
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METHODS

Material

We used the Fluobeam device (Fluoptics, Grenoble, France). It included a 780-nm laser light
source and a camera equipped with blocking optical filters collecting only ICG-induced
fluorescence (Fig. 1). The working field was set at 20 centimeters. The CCD camera recorded
the ICG fluorescence induced by the near-infrared light, after the dye solution had flowed
through the vessels of the illuminated field. Images were acquired with an exposure time of
100 ms. They were displayed in real time on a monitor and immediately assessed with the
Fluobeam v1.47® software. They were saved on the computer hard disk for future review and

analysis.

Figure 1. Fluobeam device

Monopeak Indocyanine Green (Infracyanine”, SERB laboratory, Paris, France) is a water-
soluble dye, which absorbs light in the near-infrared spectral range with a peak at 805 nm, and
emits fluorescence at 835 nm. ICG has a short plasma half-life of 3.4 +/- 0.7 minutes. It is

completely cleared from blood by the liver and excreted into the bile. ICG was dissolved in a
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5% dextrose solution and administered intravenously. We used a dose of 0.025
mg/kg/injection.

ICG completely binds to plasma proteins after intravenous injection and is exclusively
distributed in the intravascular space'®. This makes it a suitable tracer for vessel perfusion.
The adverse effects of ICG are anaphylactic shock, hypotension, dyspnea, nausea, exanthema,

and pruritus. All these adverse effects are rare'”.

Patients
We included 14 patients in our prospective clinical trial, from July 2012 to June 2013. The
inclusion criteria were reconstruction by a fibular free flap in patients more than 18 years of

age. The exclusion criteria were pregnancy and a history of allergic reaction to ICG.

Methods

The Grenoble Medical Ethics Committee approved the study in February 2012.

Oral and written information was given to the patient, before obtaining his informed consent.
CDS was performed by a radiologist before the hospitalisation, and mapping results were
recorded in the patient’s file. Perforator vessels were localized in a specific landmark defined
by the posterior edge of the fibula and the perpendicular line passing on the tip of the lateral
malleolus (Fig.2). The Infracyanine® injection was performed by the surgeon the day before
surgery, on a supine patient. A near-infrared camera was placed opposite the lateral side of the
leg, and skin perforators that appeared on monitor were marked on the leg. The perforator
coordinates were measured in the same landmark and recorded in the patient's file. Skin

paddle perforators were dissected, measured, and their coordinates were recorded during

surgery.
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Figure 2. Landmarks of perforator mapping

Only perforators located between +8 cm and +30 cm from the lateral malleolus tip were
considered, since the skin paddle is rarely raised outside these limits. Perforators localized by
angiography or ultrasonography were matched with perforators localized surgically, when
included within a range of 3 cm in the specific landmark. The sensitivity and positive
predictive value were calculated for each technique. We were unable to define the number of
true-negatives (perforators seen neither on FA ICG or CDS nor intra-operatively); hence it
was impossible to calculate the specificity or the negative predictive value. We measured the
difference between anatomic perforator localization and angiographic or ultrasonographic

perforator localization to evaluate FA ICG accuracy and compare the 2 mapping methods.
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Statistical analysis

Statistical analyses were performed with the Stata 11.0 software (StataCorp, College Station,
Texas, USA). Qualitative parameters were expressed as number and percentage. MacNemar’s
test was used to compare matched qualitative parameters. Quantitative parameters were
expressed as means and standard deviation and compared with Student’s T test or Mann-
Whitney’s U test if necessary. A P value of less than 0.05 was considered to be statistically

significant.

RESULTS

Patients
We included 9 male and 5 female patients. Their mean age was 53.6 year (35-76) and their
mean BMI was 25.6 kg/m” (19,6-32). 13 of the 14 flaps were fibular flaps for mandibular

reconstruction, and 1 for maxillary reconstruction.

Complications

We did not record any complication or adverse effect after ICG injection.

Mapping of perforators

Patients 12 and 16 were excluded; patient 12 had anterior tibial artery perforators mapping
instead of fibular due to a technical error, and the laser was turned off during recording for
patient 16. We compared only FA ICG and anatomical findings for patient 10 because his

CDS recording was lost.
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A mean of 3 perforators per patient (1-5) was observed intra-operatively, with a total of 36
perforators localized surgically (32 without patient 10). 40 were localized with FA ICG

(Fig.3), and 50 with CDS.

Figure 3. Perforator mapping in patient 10. Perforators are indicated by arrows.

Results are shown in Table 1 and 2.

The sensitivity was 75% for FA ICG and CDS when within a distance of 3 cm of surgical
findings, and the PPV was 67.5% for FA ICG and 48% for CDS.

The sensitivity was 55% for FA ICG and 34.4% for CDS when within a distance of 1 cm of
surgical findings, and the PPV was 50% for FA ICG and 22% for CDS.

MacNemar test was performed to compare the 2 mapping techniques, after excluding patient
10. There was a significant difference between the 2 methods when within a distance of 1 cm
of surgical findings (p=0.02).

FA ICG localization was accurate in a range of 0.86 +/- 0.97 cm, compared to anatomical
localization. It was significantly more accurate than CDS localization 1.45 +/- 0.88 cm

(p<0.001).

23



Distance (cm) Number of Sensitivity (%) IC 95% PPV
success (%)
3 27/36 75.0 60.8-89.1 67.5

2 24/36 66.7 51.3-82.1 60

1 20/36 55.6 39.3-71.8 50

Table 1. Comparison between FA ICG and surgical findings.

Distance (cm) Number of Sensitivity (%) IC 95% PPV
success (%)

3 24/32 75.0 60-90 48

2 20/32 62.5 39.1-73.4 40

1 11/32 344 17.9-50.8 22

Table 2. Comparison between CDS and surgical findings.
DISCUSSION

FA ICG is a useful and safe preoperative method for fibular perforator mapping. It is more
accurate than CDS.

An accurate preoperative mapping of perforator vessels is important in perforator flap
surgery. Perforator mapping reduced the operating time facilitated the dissection, and reduced

the risk of injuring perforators. Miyamoto et al.”* reported a 2% rate of perforator injury in
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fibula osteocutaneous flap surgery. Preoperative mapping allows adapting the flap precisely to
the reconstructive requirements.

The most common technique, among the various methods described for perforator
localization, remains the hand-held Doppler (HDD). It is inexpensive, portable, non-invasive,
and easy to of use. However, HDD is known to be too sensitive with a low specificity’. CDS
is non-invasive also, and offers more information on the perforator course. Hallock® reported
a high sensitivity of CDS in detecting vessels around 0.2 mm in diameter, but its specificity
was low. But CDS is highly operator dependent”' and can only be performed by a skilled
radiologist who is familiar with perforator flap surgery. CTA*” and MRA®’ are newer
techniques that provide accurate details on the calibre and the course of perforators. But they
have some drawbacks: exposure to radiation, need of an iodine contrast agent for CTA, and a
high cost for MRA.

FA ICG is a new technique for the assessment of tissue superficial vascularization. Its use for
fibular skin perforator mapping and comparison with CDS had not been described yet in a
clinical trial. FA ICG has been performed on pigs and compared with x-ray angiography®. A
100% correlation was found and confirmed by perforator surgical dissection, but there was no
information on the accuracy of the various measures. Azuma et al.” evaluated the usefulness
of FA ICG for identifying perforators on 14 perforator-based island flaps, but without
measurements. A mapping of perforator vessels by combining multi-detector-row computed
tomography, Doppler flowmetry, and FA ICG was performed on 50 perforator flaps by Onoda
et al.**. They found a PPV of 80% for CDS and of 84% for FA ICG. The sensitivity was
100% for CDS, and 76% for FA ICG. FA ICG was more accurate than CDS in perforator
detection, in our study. Our FA ICG sensitivity and PPV were lower, but in Obana's study,
there was no information on the degree of precision used to measure the difference between

angiographic and sonographic findings with surgical findings. We noticed that the quality of
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FA ICG mapping improved during the study in this preliminary trial. A learning curve is
required to properly master this new perforator mapping technique, and our results will
probably be improved as the study goes on.

FA ICG presents several advantages; the time needed to perform mapping ranges around 15
minutes, and this technique is non-invasive. The fluorescent dye we used did not contain
iodine, minimizing the risk of adverse effects. The major advantage of FA ICG is that it is
performed by the surgeon who has the knowledge of the local anatomy and of the perforator
flap surgery. Moreover, the system portability could be useful for intraoperative re-evaluation,
if unexpected issues are encountered.

We had to face 2 problems during the study. First the probe was not large enough to assess the
whole leg in 1 time, so that we needed to sweep the probe during mapping. The second
problem was the high speed of fluorescent signal rise, that made simultaneous mapping of all
perforators difficult. We developed a fluorescent ruler that was placed on the leg during video
acquisition (Fig. 4), so that we could re-view the video on the monitor screen and measure

precisely all the perforators.

Figure 4. Perforator mapping with a fluorescent ruler.
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CONCLUSION

FA ICG is a useful and safe preoperative method for fibular perforator mapping, but it
requires a learning curve to properly master the technique. Our results should be confirmed by

the ongoing clinical trial and by other studies.
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ABSTRACT

-Objective: We evaluated the effectiveness and the tolerance of repeated fluorescent green
indocyanine angiography in perforator flap monitoring, and determined the intraoperative
predictive values of flap vitality.

- Background: The free flap failure rate has been significantly reduced, but free flap loss still
occurs and remains a costly disaster. Repeated clinical examinations are commonly used for
flap monitoring, but they can be unreliable because of their subjectivity. Laser-induced
fluorescence of indocyanine green is a new method for assessing tissue perfusion.

- Methods: 20 patients undergoing microsurgical reconstruction were monitored by
indocyanine green fluorescence angiography, intraoperatively, and during 4 days after
surgery, with 18 injections. Monitoring was made by clinical examination, and then compared
to angiographic findings.

- Results: The vascular complication rate was 15% (3/20) with 2 cases of venous thrombosis
and one case of partial necrosis of the flap skin paddle. Both cases of venous thrombosis were
salvaged by secondary surgery. There was no total flap loss. ICG angiography allowed
detecting each intra and postoperative complication, earlier than clinical examination. The
mean peroperative intensity of fluorescence was significantly lower in flaps with vascular
complications (23.8 GL/ms; p=0.0087). The postoperative slope (p=0.0239) and amplitude
(p=0.0335) of the fluorescent signal were both significantly lower than for uncomplicated
flaps, before surgical revision. These 2 parameters came back to normal values after
secondary surgery (p=0.1840; p=0.2879). There was no adverse effect of ICG despite the
repeated injections.

- Conclusion: ICG angiography is a safe and reliable technique for the detection of free flap

vascular complications.
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INTRODUCTION
Microsurgery has become more routinely used; consequently, the free flap failure rate has
been significantly reduced. The free flap survival rate currently ranges between 94% and
99%". Free flap loss still occurs and remains a costly disaster, despite these improved success
rates. Free flap monitoring is of the utmost importance since the salvage rate is inversely
related to the delay between the onset of ischemia and its clinical assessment. Repeated
clinical examination, based on skin color, flap temperature, and capillary refill time, is
commonly used for flap monitoring but is very dependent on the surgeon's experience.
Various instrumental methods have been described, such as microdialysis’, implantable
Doppler probe’™, color duplex ultrasound’, near-infrared spectroscopy’, and laser Doppler
flowmetry’. None of them are routinely used or considered as a "gold standard”" method.
Fluorescence angiography with indocyanine green (FA ICG) is a new method for evaluating
tissue perfusion. Indocyanine green (ICG), a fluorescent dye, has been used for more than 40
years. It allows measuring cardiac output® and liver function’. It is also used in neurosurgery "
and in ophthalmology for imaging of the choroid vessels''. More recently, FA ICG has been
used to assess intestinal viability in a laparoscopic mesentery ischemia model'.
FA ICG has been used for intraoperative assessment of pedicled flap perfusion'®, and for pre-
and intraoperative assessment of free flap perfusion'*, in plastic surgery'’.
The use of iterative ICG injections in postoperative flap monitoring has never been reported.
Our prospective clinical trial had 2 goals:

- assessing the effectiveness and the tolerance of FA ICG in free flap monitoring.

- determining the intraoperative fluorescence parameters correlated with postoperative

vascular flap complications.
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METHODS

Material

We used the Fluobeam device (Fluoptics, Grenoble, France). It included a 780-nm laser light
source and a camera equipped with blocking optical filters collecting only ICG-induced
fluorescence (Fig. 1). The working field was set at 20 centimeters. The CCD camera recorded
the ICG fluorescence induced by the near-infrared light, after the dye solution had flowed
through the vessels of the observed field. Images were acquired every 200ms with an
exposure time of 100ms. They were displayed in real time on a monitor, and immediately

assessed with the Fluobeam v1.47® software. They were saved on the computer hard disk for

future review and analysis with the ImageJ® software.

Figure 1. Fluobeam device

Monopeak Indocyanine Green (Infracyanine™, SERB laboratory, Paris, France) was used.
ICG is a water-soluble dye that absorbs light in the near-infrared spectral range, with a peak at
805 nm, and emits fluorescence at 835 nm. ICG has a short plasma half-life of 3.4 +/- 0.7

minutes, which allows repeated injections for flap monitoring without ever reaching toxic
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levels. It is completely cleared from blood by the liver and excreted into the bile. ICG was
dissolved in a 5% dextrose solution and administered intravenously. We used a dose of 0.025
mg/kg per injection, without exceeding a total dose of 0.5 mg/kg per patient.

ICG completely binds to plasma proteins after intravenous injection, and is exclusively
distributed in the intravascular space'®. This makes it a suitable tracer for vessel perfusion.
The adverse effects of ICG are anaphylactic shock, hypotension, dyspnea, nausea, exanthema

and pruritus. All these adverse effects are rare'’. Infracyanine® does not contain iodine,

contrary to other ICG preparations such as ICG-Pulsion®.

Patients

We included 20 patients in our prospective clinical trial, from July 2012 to June 2013. The
inclusion criteria were reconstruction by one of these 3 free flaps: fibular flap, deep inferior
epigastric (DIEP) flap, and anterolateral thigh (ALT) flap, in patients more than 18 years of

age. The exclusion criteria were: pregnancy, and a history of allergic reaction to ICG.

Methods

The Grenoble Medical Ethics Committee approved the study in February 2012. Oral and
written information was given to the patient, before obtaining his informed consent. Each
patient received iterative injections of 0.025 mg/kg Infracyanine®. The first injection was
performed intra-operatively just after flap anastomosis to recipient vessels. Then the same
dose was injected every 6 hours for 4 days, beginning 2 hours after the end of the surgery.
Each patient received a total of 18 injections. Skin paddle color, temperature, and capillary
refill time were assessed at ICG injection. The surgeon's clinical assessment data was blinded
by the engineers analyzing fluorescence data and conversely. Clinical assessment was the

only element allowing to diagnose complications, and to require surgical revision if needed.
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All postoperative complications were recorded. FA ICG allowed for the per-operative
assessment of anastomosis permeability and potential leak, and flap illumination. The
measured intraoperative parameters were intrinsic transit time (ITT) and skin flap
fluorescence intensity (FI). The ITT is the time needed for fluorescent dye to circulate from
arterial to venous anastomosis.

The postoperative parameters were the slope of the fluorescence signal rise and the amplitude
of fluorescence intensity (Fig. 2).

The data was recorded with the Fluobeam v1.47® software and analyzed secondarily by
engineers.

The study ended after the last follow-up, 1 month after surgery.
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Figure 2. Postoperative parameters.
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Statistical analysis

Statistical analyses were performed with the Stata 11.0 software (StataCorp, College Station,
Texas, USA). The results were expressed as means and range. The nonparametric Mann-
Whitney test was used to compare data between uncomplicated and complicated flaps. A P

value of less than 0.05 was considered to be statistically significant.

RESULTS

Patients

We included 13 male and 7 female patients. Their mean age was 51.9 years (34-76) and their
mean BMI was 25.2 kg/m” (19.6-32). 14 of the 20 flaps were fibular flaps for mandibular
reconstruction; 4 were ALT flaps for other facial or trunk reconstruction; and 2 were DIEP

flaps for breast reconstruction.

Microsurgery

The mean surgery time was 8 hours (5-10.75). FA ICG added about 5 minutes to surgery
time. 1 artery was anastomosed for every flap, 1 vein in 11 flaps, and 2 in 9 flaps. An arterial

and venous graft was necessary in one case.

Complications

We recorded 4 complications: 2 cases of partial necrosis of fibular flap skin paddles and 2
cases of venous thrombosis of the fibular flap pedicle. One case of partial necrosis occurred 6
days after surgery (Patient 6) the other, 14 days after surgery (patient 4). The other part of the
flap (bone and muscle) was well vascularized in both cases. Necrosis was due to a local
infection, caused by necrosis of the tip of the tongue stump for patient 6. Surgical

debridement was necessary in both cases. The clinical diagnosis of venous thrombosis was
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made at D1 H18 for patient 15, and at D1 H20 for patient 14. Revision surgery confirmed the
diagnosis in both cases, justifying performing a new venous anastomosis. Both flaps were
salvaged and healed secondarily. Finally, there were 3 complications of vascular origin, in
patients 4, 14, and 15.

We did not observe any complication or adverse effect after iterative ICG injections.

Intraoperative results

The intraoperative clinical assessment (skin paddle coloration with capillary refill, skin paddle
edge bleeding, patency test of the anastomoses) was normal for 12 patients including patients
14 and 15. It was not for 4 patients: 2 of theses were patients 4 and 6.

Patients 5, 8, 17, and 20 were excluded from the intraoperative evaluation of fluorescence
angiography data because of technical problems. The laser was turned off during
intraoperative measures for patients 8, 17, and 20, and the ICG was dissolved in a saline
solution for patient 5.

FA ICG confirmed that all anastomoses were patent without leaking. The flap skin paddle was
entirely fluorescent in 9 patients (Fig 3A.) and there was no complication at follow up. The
flap was not fluorescent at all and appeared dark compared to surrounding tissues in patients
4, 14, and 15 (the 3 patients with vascular complications) (Fig 3B). The flaps of the 4
remaining patients were considered partially fluorescent, as shown in figure 3C. One of these
was patient 6 who presented with a local infection.

The ITT was not measured for patients 3 and 6 because of technical problems. The mean ITT
was 12.8 seconds (5.7-44.6). The highest ITT was measured in patient 14. The ITT was
respectively 10.2 and 5.7 seconds in patients 4 and 15. The ITT was not statistically different

between uncomplicated flaps and flaps with vascular complications (p = 0.937).
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The mean FI was 89.6 grey levels per millisecond (GL/ms) (20.6-253.5). It was significantly

lower in patients 4, 14, and 15 (23.8 GL/ms; p=0.0087).

Figure 3. Intraoperative flap fluorescence. A. Positive fluorescence. B. Negative fluorescence.

C. Partial fluorescence.
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Postoperative monitoring

Patient 4 was excluded from postoperative results because he refused injections after the
second day. The typical curve of fluorescence dynamic of a well-vascularized flap is shown in
Figure 2.

The postoperative fluorescence data is listed in Table 1. The mean value of the slope was 31
(0.5-273.6). The slope was calculated before and after surgical revision for patients 14 and 15.
The mean slope before revision was 3.8 (2.4-5) for patient 14 and 1.2 (0.6-1.9) for patient 15.
These values were significantly lower than those of uncomplicated flaps (p = 0.0239). The
mean slope after revision was 19.9 (2.9-37.9) for patient 14, and 7 (0.5-33.4) for patient 15
with no longer any significant difference with uncomplicated flaps (p = 0.1840). The
evolution of the slope for patient 14 is shown in figure 4.

The mean amplitude of the fluorescence signal was 227.8 (13-609.7). The amplitude before
revision was 58.7 for patient 14 and 44.1 for patient 15; these values were significantly
different from those of uncomplicated flaps (p = 0.0335). They increased after revision to
147.5 for patient 14 and 93.8 for patient 15, with no longer any difference with uncomplicated

flaps (p = 0.2879).

SLOPE AMPLITUDE
Patient Mean (Min- Max) Median Mean (Min- Max) Median
1 19.3 (3.5-61.9) 12.5 285.8 (134.1-423.6) 300.5
2 19.4 (4.5-66.4) 14.5 298.2 (133.5-451.5) 332.2
3 36 (1.8-155.7) 27.7 160.3 (37-233.4) 162.6
5 15.1 (3.1-47) 13.8 173.6 (88.1-362.3) 174.6
6 11.5 (1.6-37.9) 9.7 86.1 (37.3-188.8) 88.6
7 33.3(6.1-179.8) 15.8 189.1 (97.9-410.4) 159.6
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8 12 (6.7-28.3) 9.9 129.7 (76.9-258.8) 117.9
9 17.2 (3.4-77) 8.4 155.1 (81-318.3) 129.2
10 35.8 (5-72) 343 331.8 (46.6-593.7) 344
11 9.4 (2.1-33.8) 5.9 148.5 (38.9-483.9) 128.4
12 125 (8.2-273.6) 170.7 466.5 (169.2-609.7) 573.8
13 10.3 (2.7-19.5) 12.5 97.4 (42.9-134.3) 93.7
14 15.3 (2.4-37.9) 15.8 180.8 (43-345.3) 159.3
before 3.8(2.4-5) 3.9 98.5 (43-166.5) 92.2
secondary
surgery
after 19.9 (2.9-37.9) 20.6 213.8 (97.6-345.3) 185.3
secondary
surgery
15 5.5 (0.5-33.4) 1.4 69.3 (13-207.7) 533
before 1.2 (0.6-1.9) 1.1 33.5 (13-56.5) 323
secondary
surgery
after 7(0.5-33.4) 2.5 81.2 (34.4-207.7) 56.2
secondary
surgery
16 67.5 (8.7-240.4) 65.9 418.8 (154-581.4) 477.6
17 25.9 (4.4-48.1) 224 210.8 (103.5-361.4) 212
18 44.3 (2.8-75.8) 49.1 391.4 (150.7-542.4) 393.4
19 11.3 (1.4-30.6) 7.2 206.7 (73.7-400.1) 188
20 82.2 (28-144.7) 100.4 339.5 (125.1-519.5) 4263

Table 1. Postoperative parameters: slope and amplitude for each patient.
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Figure 4. Evolution of slope for patient 14, over time.
The slope and amplitude increased linearly postoperatively, day after day (Table 2).
Slope Signal amplitude
Mean | SD | Med | Min Max Mean SD Med Min Max
JoO| 12 182 | 5.5 0.1 72.9 178.5 | 150.5 | 151.2 3.8 603.9
J| 155 | 16.2 | 9.8 0.6 100.9 185 | 1053 | 162.6 13 456.9
21 27 339 1156 | 0.5 180 215.2 | 1444 | 170.2 37 573.8
J3| 345 | 429 | 17.7 | 0.8 177.3 | 2419 | 161.7 | 186.2 | 34.4 600.8
J4| 46.8 | 62.6 | 20.8 | 2.7 273.6 | 267.1 | 177.7 | 192.8 | 46.6 609.7

Table 2. Postoperative parameter means per day.




The slope was steep and the amplitude was high in well vascularized flaps. The slope was low

with a small amplitude for patient 15 at DOH2, before revision (Fig. SA). The curve aspect

came back to normal after revision (Figure 5B).
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Figure 5. Patient 15 postoperative monitoring. A. Before secondary surgery, at DOH2. B.

0
0 20 40 60 80
Time (s)
Figure A
140 ——D4HO
7
E 120 -
S~
(%)
E
2 100 -
>
g
]
> 80 -
(%]
=
S 60 -
£
]
S 40 -
b
g
S 20 -
& 4
0 : : : .
0 20 40 60 80
Time (s)
Figure B

After venous thrombosis has been treated, at D4HO.
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Vascular complications were observed on clinical assessment 18 hours after surgery for
patient 14, and 20 hours after surgery for patient 15. Their fluorescence curves were abnormal
before that, only 2 hours after surgery. The clinical assessment was inconclusive for 2 patients

(2 and 12), but the FA ICG data was normal, and no complication was observed.

DISCUSSION

Fluorescence angiography with iterative ICG injections at a low dose is a safe and reliable
technique for free flap monitoring. The intraoperative fluorescence of the flap after vessel
anastomosis seems to be a predictor of postoperative flap survival. The relevant fluorescence
parameters for postoperative flap perfusion assessment in our patients were the slope and the
amplitude of the fluorescence signal.

Free flap intraoperative monitoring is routinely performed by clinical assessment. The color
of the skin paddle, temperature, and edge bleeding depend greatly on the patient's
hemodynamics. Clinical assessment is more difficult in the oral cavity, because the flap
always seems pale compared to surrounding tissues. FA ICG provides intraoperative data that
may allow predicting flap vascular complications. The flap illumination and the mean flap
fluorescence intensity in our patients were parameters that predicted flap survival. These were
abnormal in the 3 patients with vascular complications; the clinical assessment of the flap was
inconclusive for only one of these 3 patients. Holm et al.'® evaluated FA ICG for free flap
intraoperative monitoring on 20 patients. They also predicted vascular complications
according to the flap illumination. The same team in 2010"°, using microscope-integrated ICG
near-infrared video-angiography on 100 patients, demonstrated that an ITT was correlated
with early anastomotic complications. The ITT of patients with an uneventful postoperative
course was significantly different from the ITT of patients with flap complications (31 sec

versus more than 120 sec). The cut-off value was 50 seconds. The sensitivity of ITT was 92%
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and its specificity 78%. The authors mentioned that multiple factors could influence the ITT:
patient hemodynamics, body temperature, flap ischemia time, type of anastomosis, and
venous pressure. We were not able to confirm these results. Only 1 out of 3 patients with
vascular complication had a long ITT, the 2 others had very short ITTs. One of them (patient
15) might have developed venous thrombosis a few hours after surgery while perfusion was
normal when ITT was measured. Muscle and bone were well vascularized after skin paddle
removal for patient 4; hence, we thought that necrosis was due to a thrombosis of the sole
cutaneous perforator, while the main pedicle (fibular artery and vein) was functional. We did
not have enough data to conclude on the relevance and predictability of ITT for the flap
outcome.

All the clinical and angiographic parameters must be taken into account to decide on
intraoperative revision of anastomoses.

It is crucial to implement free flap monitoring during the first days after microsurgery, and a
rapid revision after detection of flap compromise, as demonstrated in large series'.

The slope, fluorescence signal amplitude, and fluorescence curve profile were reliable
parameters in our patients for the detection of vascular complications. These were clearly
abnormal for the 2 patients who presented with venous thrombosis. Unfortunately patient 4
left the trial before the end of fluorescence monitoring. We noticed a high inter and intra-
patient variability of the absolute values of slope and fluorescence signal amplitude, which
was also reported by other authors '®*'. These values were patient hemodynamic dependent.
The fluorescence curve profile was a more reliable indicator of vascular complications, which

reflected the trend of perfusion values. Matsui et al.**

quantified perforator flap perfusion with
ICG angiography in an experimental study on 38 pigs. The fluorescence curve did not rise

when they occluded the flap artery, but stayed around the baseline level without any inflow

peak. The curve remained continuously elevated after the inflow peak in case of venous
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occlusion. The fluorescence curve was lower than those of uncomplicated flaps for our 2
patients presenting with venous thrombosis and remained close to the baseline level; this
curve was different from the one reported by Matsui, which was obtained after 6 hours of
venous occlusion. Our curve was obtained at a later stage of complication. We suggested that
venous congestion could have led to a secondary decrease of arterial blood flow.

FA ICG allowed detecting all the flap complications earlier than clinical assessment, 16 hours
before the diagnosis. The first postoperative angiography (2 hours after the end of surgery)
was abnormal for both patients, while the clinical aspect of the flap was normal. FA ICG gave
some objective arguments of vascular complications. This could help physicians lacking
experienced to decide on pedicle revision. The effectiveness of FA ICG was confirmed by the
rapid normalization of fluorescence parameters after flap revision.

Monitoring with iterative ICG injections had never been reported. ICG is supposed to be safe,

but its safety had been assessed after a single injection only. Obana et al'’

reported an adverse
effect rate of 0.34% after performing 3,774 ICG angiographies. 10 (0.26%) were mild
reactions (nausea, exanthema, pruritus), 1 (0.026%) was pain along the injected vein, and 2
(0.05%) were hypotension. He had injected between 25 and 75 mg, at least 10 times more
than the dose we used (0.025 mg/kg). Hope-Ross et al.”> reported similar results after
injecting between 25 and 50 mg. We did not observe any adverse effect due to ICG, after
performing 18 injections per patient, as required to complete the protocol.

One of the drawbacks of FA ICG is that it does not permit continuous monitoring.
Nevertheless it allowed to make an early diagnosis of vascular complications. The procedure
could be improved by using a long time circulating agent and a single injection.

It was sometimes difficult to monitor intra-oral flaps with the Fluobeam device. Patients often

present with limitation of mouth opening after head and neck reconstruction, and access to the
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flap with a large device can be problematic**. A new miniaturized device called Fluostick™

has now become available for this type of clinical application.

CONCLUSION

FA ICG proved its safety and effectiveness in our study for the detection of flap vascular
complications, and this earlier than clinical assessment. The number of patients and
complications was too small in this preliminary clinical trial, to provide statistical proof of FA
ICG effectiveness. New clinical studies should be performed to confirm our results. The next
step will be developing a software giving the surgeon access to numerical data during

acquisition of FA ICG images.
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Indocyanine green fluorescence angiography for preoperative perforator mapping and
free flap monitoring.

These soutenue par Marine HITIER

CONCLUSION

Free perforator flaps have become increasingly popular due to their high plasticity and the
low donor site sequellae, but the variability of perforator anatomy requires an accurate
preoperative mapping of perforators. Several methods have been described to identify
perforators in fibular flaps, but none of them is the "gold standard". Then, free flap
monitoring is of the utmost importance since the salvage rate is inversely related to the delay
between the onset of ischemia and its clinical assessment. Repeated clinical examination is
commonly used for flap monitoring but is very dependent on the surgeon's experience. Laser-
induced fluorescence of indocyanine green (FA ICG) is a new method for the assessment of
superficial vascularization tissue.

We first evaluated the effectiveness of FA ICG in preoperative mapping of perforators for
fibular free flap and compared FA ICG findings with colour doppler ultrasonography (CDS)
mapping. Then we evaluated the effectiveness and the tolerance of repeated FA ICG in
perforator flap monitoring, and determined the intraoperative predictive values of flap vitality.

20 patients undergoing microsurgical reconstruction were included in our prospective clinical
trial. Only the 14 fibular flaps were included for perforator mapping. We used the Fluobeam
device (Fluoptics, Grenoble) and Monopeak Indocyanine Green (Infracyanine®, SERB
laboratory, Paris) was injected. Each patient received a total of 19 injections of 0.025 mg/kg
Infracyanine®. The first injection was performed by the surgeon the day before surgery, on a
supine patient. The detection of skin perforators was performed by both CDS and FA ICG,
and then compared to surgical dissection findings. The sensitivity and positive predictive
value (PPV) were calculated for each technique. The mean distance between anatomic and
angiographic or ultrasonographic perforators was determined to evaluate the accuracy of FA
ICG and compare the 2 mapping methods. The second injection was performed intra-
operatively just after flap anastomosis to recipient vessels. Then the same dose was injected
every 6 hours for 4 days. Monitoring was made by clinical examination, and then compared to
angiographic findings. All postoperative complications were recorded. FA ICG allowed for
the per-operative assessment of anastomosis permeability and potential leak, and flap
illumination. The measured intraoperative parameters were intrinsic transit time (ITT) and
skin flap fluorescence intensity (FI). The postoperative parameters were the slope of the
fluorescence signal rise and the amplitude of fluorescence intensity.
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The sensitivity of FA ICG was 55% for a precision of 1cm, and positive predictive value was
50%. FA ICG was more accurate than CDS (p<0.001). ICG angiography allowed detecting
each intra and postoperative complication, earlier than clinical examination. The mean
peroperative FI was significantly lower in flaps with vascular complications (p=0.0087). The
postoperative slope (p=0.0239) and amplitude (p=0.0335) of the fluorescent signal were both
significantly lower than for uncomplicated flaps, before surgical revision. These 2 parameters
came back to normal values after secondary surgery (p=0.1840; p=0.2879). There was no
adverse effect of ICG despite the repeated injections.

FA ICG is a safe and useful technique for the mapping of fibular skin perforators, and for the
detection of free flap vascular complications. Our results should be confirmed by the ongoing
clinical trial and by other studies.

VU ET PERMIS D'IMPRIMER

Grenoble,le ('S ] o8 /[)4(// (

/

LE DOYEN LE PRESIDENT DE LA THESE

J.P. ROMANET PROFESSEUR F. MOUTET

X7

51



o ——f -~ oms R N 7 o mh

SERMENT D'HIPPOCRATE

En présence des Maitres de cette Faculté, de mes chers condisciples et devant [ effigie
d’HIPPOCRATE,

Je promets et je jure d’étre fidele aux lois de [’honneur et de la probité dans [’exercice de
la Médecine.

Je donnerai mes soins gratuitement a l’indigent et n’exigerai jamais un salaire au dessus
de mon travail. Je ne participerai a aucun partage clandestin d’ honoraires.

Admis dans [’intimité des maisons, mes yeux n’y verront pas ce qui s’y passe ; ma langue
taira les secrets qui me seront confiés et mon état ne servira pas a corrompre les maeurs,
ni a favoriser le crime.

Je ne permettrai pas que des considérations de religion, de nation, de race, de parti ou de
classe sociale viennent s’interposer entre mon devoir et mon patient.

Je garderai le respect absolu de la vie humaine.

Méme sous la menace, je n’admettrai pas de faire usage de mes connaissances médicales
contre les lois de I"humanité.

Respectueux et reconnaissant envers mes Mailtres, je rendrai a leurs enfants l’instruction
que j'ai recue de leurs peres.

Que les hommes m’accordent leur estime si je suis fidéle a mes promesses.

Que je sois couvert d’ opprobre et méprisé de mes confreres si j'y manque.

52



